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SPECIFICATION 

Curable epcudde resin mixtures and their use 

The invention relates to curable epoxide resin mixtures which are particularly suitable for coating 
steel sheets to protect them against corrosion. 
5 Epoxide resin/curing agent combinations for protection against corrosion under severe conditions 5 
have already been laiown for a relatively long time. In this connection reference should be made, for 
example, to U.S. Patent Specification 3,019,202 and German offenlegun^chrift 2,505,278. The 
curable mixtures according to U.S. Patent 3,01 9,202 contain diepoxysulfbne compounds as the epoxide 
resins. The curing agents contained in these mixtures can be, inter alia, monomeric polyphenols, such as 

1 0 bis-(4-hydroxyphenyI)-2,2-propane, pyrogaiiol and resorcinol. However, the curable mixtures of this 1 0 
prior art have considerable disadvantages. In particular, very long stoving or curing times are required. It 
is not possible to obtain satisfactory curing at temperatures below 1 60°C. However, in view of the 

^ energy costs, short stoving times and low stoving temperatures are desirable. 

The layer thicknesses obtainable with this process of the prior art are so small that 3 to 7 coatings 

1 5 are required to obtain a total layer thickness of about 1 00 to 1 50 /jm. However, with these known 1 5 

* systems a minimum layer thickness of this magnitude is required in every case If it Is desired to obtain 
effective protection against corrosion. IWuItiple coating of this type coupled with relatively large final 
coating thicknesses is uneconomical from the p<Ant of view of both time and inaterial. 

German Offenlegungsschrift 2,505,278 relates to steel sheets coated with synthetic resin. The 

20 coating systems described in this publication are epoxide resin mixtures which contain thermosetting 20 
phenolic resins as the curing agent. Phenolic resins of this type, for example resof resins, already have 
considerable molecular weights a nd in addition to phenolic OH groups also contain yet farther 
functional groups, for example methylol groups. The synthetic resin systems described in German 
offenlegungsschrift 2.505.278 have virtually the same disadvantages as the systems described in the 

25 U.S. patent discussed above. Both of ^eleiown systems also result in coatings whidi are not 25 
sufficientty stable with regard to several aggressive liquids. These liquids are acetic acki solutions 
with a concentration of 50% or higfier. concentrated hydrochkiric acid, njtrlc acid and ammonia 
solutfons. 

The object of the invention is to provide curable epo;dde resin mixtures which are suitable for the 

30 production of corrosion-resistant coatings on steel sheets or other substi^es and which do not have the 30 
disadvantages of the known systems, which have been discussed. Thus, It should be possiUe to use 
shorter stoving times and lower stoving temperatures for curing the mixtures. Coatings of adequate 
thickness which have an anti-corrosive effect whidi Is even superior to that of the thicker multi-layer 
coatings of known systems should already be achieved with the first coating when coating the steel 

35 sheets. 35 
The invention relates to curable epoxkle resin mixtures containing a) one or more epoxide resins 
which are based on bisphenol A and/or bisphenol F and have an epoxide content of 0.3 to 2.0 
equfvalents^g, and/or b) one or more epoxide resins which are based on bisphenol A and/or bisphenol F 
and/or phenol novfdac or an alkytphenol novolac and have an epoxide content of 2.0 to 6.0 

40 equivalents/kg anchor c) one or more hydrogenated bisphenol A glycidyl ethers and/or hydantoin 40 
epoxide resins and/or polyglycidyl esters with an epojdde content of 4.0 to 8.0 equivalents/kg, d) 1 0 to 
100% by weight, based on the sum of the epoxide resins listed under a) to c), of one or more curing 
agents of the type comprising polyphenols and/br oligophenols which contain not less than 3 phenolic 
OH groups and no functional groups of any other type apart from these and e} 0.2 to 3.0% by weight 

45 based on the sum of the epoxide resins listed under a) to c), of one or more curing accelerators and, if 45 
desired, additionally containing f) conventional assistants and additives for lacquers and/or g) organic 
solvents. 

Preferred curable epoxide resin mixtures are those containing a) one or more epoxide resins which 
are based on bisphenol A and/or bisphenol F and have an epoxide content of 0.3 to 2.0 equivalents/kg 

►50 and/or b) one or more epoxide resins which are based on bisphenol A and/or bisphenol F and/orphenol 50 
novolac or an alkylphenol novolac and have an epoxide content of 2.0 to 6.0 equivalents^ and/or c) 
one or more hydrogenated bisphenol A glycidyl ethers and/or hydantoin epojdde resins and/or 

i polyglycidyi esters with an epoxide content of 4.0 to 8.0 equivalentsi/kg, d) 1 0 to 40% by weight, 
based on the sum of the epoxide resins listed under a) to c), of one or more curing agents of the type 

55 comprising polyphenols and/or oligophenols which contain not less than 3 phenolic OH groups and no 55 
functional groups of any other type apart from these and e) 0.2 to 3.0% fay weight, based on the sum of 
the epoxide resins listed under a) to c), of one or more curing accelerators and, if desired, additionally 
containing f} conventional assistants and additives for lacquers and/or g) organic solvents. 
The curing agents (d) which are of the type comprising polyphenols and/or oligophenols 

60 containing not less than 3 phenolic OH groups and no functional groups of any other type apart from 60 
these and are contained in the mixtures according to the invention are preferably those of the group 
comprising phenol novolacs, cresol novolacs, bisphenol A novolacs, bisphenoi F novoiacs, reaction 
products of 1 mol of glyoxal with 4 mols of phenol and reaction products of 1 mol of acrolein with 3 
mols of phenoL The curing accelerators {e} which are contained in the mixtures are preferably those of 
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the group comprising the Sn-organic compounds, the Imidazole derivatives and the 4-diallcvl- 
aminopyridines. 

A preferred embodiment of the invention comprises those mixtures which consist of a) 30 to 50 
parts by weight of one or more epoxide resins which are based on bisphenol A and/or bisphenol F and 
5 have an epojdde content of 0.5 to 2.0 equivalentsi/kg, b) 50 to 70 parts by weight of one or more 
epoxide resins which are based on bisphenol A and/br bisphenol F and/or pheno! novolac or an alkyl- 
phenol novolac and have an epoxide content of 2.0 to 4.0 equivalents/kg. d) 25 to 35% by weight, 
based on the sum of the epoxide resins listed under a) and b), of cresol novolac of the approximate 
formula I 






and e) 0.2 to 1.0%by weight based on the sum of the epowda resins listed under a) and bK of one or 
more accelerators from the group comprtsliig imtdazale, 4>^imetiiy(sminopyrkiiFie and tin qeteate and, if 
desired, additionally f) 0.5 to 2% by weight, based on tiie epoxide resins and curing agent of levelling 
agents and g) solvents from the group comprising eth^glycol acetate, methyl isobutyi ketone and 
1 5 xylene. 1 5 

Mixtures which contain merely a semisolid to SoBdjbisphenol A epoxide resin as the epoxide 
compound and merely a cresol novolac of the formula I as the curing agent (d), the ratio being so chosen 
that there is 1 (±30%) epoxide group per phenolic OH group, are also a further preferred embodiment of 
the invention. 

20 A particular embodiment of the invention comprises those mixtures which consist of a) l O to 100 20 

parts by weight of one or more epoxide resins which are based on bisphenol A and/or bi^henol F and 
have an epoxide content of 0.3 to 6.0 equivalents/kg, b) 0 to 1 00 parts by weight of one or more 
epoxide resins which are based on phenol novolac or an alkylphenol novolac and have an epowde 
content of 3.0 to 6.0 equivalents/kg, c) 0 to 1 00 parts by weight of one or more hydantoin epoxide 

25 resins and/or polyglycidyl esters with an epoxide content of 4.0 to 8.0 equivalents/kg, d) 1 0 to 1 00% by 25 
weight based on the sum of the epoxide resins listed under a) to c), of one or more curing agents of the 
type compri^ng pdyphenols and/or oligophenols which contain not less than 3 phenolic OH groups and 
no functional groups of any other type apart from these and e) 0.2 to 3.0% by weight, based on the sum 
of the epoxide resins listed under a) to c), of one or more curing accelerators and, if desired, additionally 

30 f) conventional assistants and additives for lacquers, which mixtures are in the form of powders, the 30 
individual particles being homogeneous particles of the total mixture, and do not contain any epoxide 
resins listed under a), b) and c) which are liquid or any solvents, or contain liquid epoxide resin and/or 
solvents only in amounts such that the powders are non-tacky and free-flowing. 

Preferred mixtures are pulverulent mixtures corteisting of a) 1 0 to 1 00 parts fay weight of one or 

35 more epoxide resins which are based on bisphenol A and/or bisphenol F and have an epoxide content of 35 
0.3 to 6.0 equivalentsAg, b) 0 to 1 00 parts by weight of one or more epowde resins which are based on 
phenol novolac or an alkylphenol novolac and have an epoxide content of 3.0 to 6.0 equivalents/kg, c) 0 
to 1 00 parts fay weight of one or more hydantoin epoxide resins and/or polyglycidyl esters with an 
epojdde content of 4.0 to 8.0 equivalente/kg, d) 1 0 to 40% by weight based on the sum of the epoxide 

40 resins listed under a) to c>, of one or more curing agents of the type comprising polyphenols and/or 40 
oligophenols wrtiich contain not less than 3 phenolic OH groups and no functional groups of any other 
type apart from these and e) 0.2 to 3.0% by weight based on the sum of the epoxide resins listed under 
a) to c), of one or more curing accelerators and, if desired, additionally f) conventional assistants and 
additives for lacquers, which mixtures are in tiie form of powders, the individual particles being 

45 homogeneous particles of the total mixture, and do not contain any epoxide resins listed under a), b) and 45 
c) which are liquid or any solvents, or contain liquid eponde resin and/or solvents only in amounts such 
that the powders are non-tacky and free-flowing. 

A prefen-ed embodiment of tfiese spedal pulverulent mixtures comprises those whid) consist of a) 
1 0 to 1 00 parts by weight of one or more epo»de reans which are based on bisphenol A and/or 

50 bisphenol F and have an epoxide content of 0.3 to 6.0 equivalents/kg, fa) 0 to 1 00 parts by weight of 50 
one or more epoxide resins which are based on phenol novolac or an alkylphenol novolac and have an 
epoxide content of 3.0 to 6.0 equivalents/kg, d) 1 5.to 30% by weight based on the sum of the epoxide 
resins fisted under a) and b), of one or more curing agents of the type comprising polyphenols and/or 
oligophenols which contain not less tiian 3 phenolic OH groups and no functional groups of any other 

55 type apart from these and e) 0.2 to 3.0% by weight, based on thie sum of the epoxide reans listed under 55 
a) and b), of one or more curing accelerators and, if deared, additionally f) conventional assistants and 
additives for lacquers, which mixtures are in powder fonm. the individual part;icies being homogeneous 
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partictes of the total mfxture, and do not contain any epoxide resins listed under a) and b) which are 
liquid or any solvents, or contain liquid epoxide' resins and/or solvents only In amounts such that the 
powders are non-tacky and free-flowing. 

The puh/erulent mixtures according to the invention can also be suspended in water or in an 
5 organic solvent which does not dissolve the mixture, or in a mixture thereof, the solids concentration 5 
being 1 5 to 50% by weight, based on the total suspension. 

The mixtures according to the invention can contain all or some of one or more of the epojdde 
resins listed under a), b) and c) and all or some of one or more of the curing agents listed under d) In the 
form of preadducts (reaction products of epoxide resin and curing agent). The adducts which 
1 0 fundamentally are possible are given in the fist below [a), b). c) and the fike are to be understood as .10 
meaning the products which are indicated under these letters in the above mbcturesj. 



a) and b) 


adduct withd) 


a) 


adduct with d) 


b) 


adduct with d) 


a)andc) 


adduct withd) 


c) 


adduct vnthd) 


b) and c) 


adduct vnth d) 


a) and b) and c) 


adduct with d). 
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The epoxide resins contained in the mixtures according to the Invention have been known for a 
20 long time and frequently described in the literature, so that a more detailed description thereof is 20 
superfluous. This also applies analogously in the case of the euring aaente eoBtalniog not iara than 3 
phenolic OH groups and no functional groups of any other type apart feom toese, such as the novolacs 
and the reaction products of glyoxal or acrolein with phenol. Such products are obtained by a 
condensation reaction in an acid medium. With regard to these curing agents, reference should be made 
25 to the literature on modern phenolic resin chemistry. 25 

Assistants and additives which can be contained in the mixtures according to tiie Invention are In 
particular fillers, pigments, dyes, modifiers, agents imparting flexitNlity. plastidsers and levelling agente. 
Known levelling agents are, for example, polyvinylbutyral, carbamic acid ester rea'ns and specific 
polyacrylates. These auxiliary substances are also described comprehensively in the literature (thus, for 
30 example, in the "Handbook of Epoxy Resins" by H. Lee and K. Neville, Mc Graw-Hill Book Comp. 30 
(1 967)). The same also applies, moreover, in the case of the organic solvents, which can be contained In 
the mixtures according to the invention, and likewise in the case of the curing accelerators. 

The invention also relates to the use of the mixtures according to the invention for the production 
of acid-resistant, alkali-resistant and ammonia-resistant coatings for metals, especially for steel sheets. 
35 The invention can be used, inter alia, in acid-proof construction, for priming in vehicle building and for 35 
the internal lacquer coating of packaging, vats and containers, including cans for foodstuffs and drinks. 

If a liquid mixture according to the invention (lacquer solution) is used for the production of a 
corrosion-resistant coating of this type, the liquid mixture is first applied to the steel sheet, for example 
by the dipping, spreading or rolling process but preferably by means of a conventional lacquer spray 
40 gun. Drying and curing at temperatures of ^130°C are then can-ied out 40 

The mixtures according to the invention which are solvent-free or have a low solvent content are 
employed, when used according to the invention, either in the dry fonn as powder-coating lacquers or 
alternatively as suspensions in water or inert solvents, in the former case, the powder is applied by 
known powder-coating methods, such as whirl-sintering or flame-spraying or by dispersing by means of 
45 an electrostatic powder-spraying installation. When a suspension of the powder is used, this is applied 45 
most simply by the use of a lacquer spray gun. In both cases application is in this case also followed by 
curing at not less than 1 SO'C, preceded by drying if necessary. 

The invention Is Illustrated in more detail in the examples which follow. In these examples parte 
are always by weight unless expressly defined otherwise. 

50 EXAMPLE 1 50 

(Epoxide resin/cmsoi novolac lacquer system) 

65 g of a poiyglycidyl ether which is semi-solid at room temperature, has been prepared by a 

condensation reaction of bisphenol A with epichlorohydrin in the presence of alkali and has an epoxide 

content of 4.0 equh^alents/kg are mixed with 35 g of a poiyglycidyl ether which is solid at room 
55 temperature, has been prepared by a condensation reaction of bisphenol A with epichlorohydrin In the 55 

presence of alkali and has an epoxide content of 0.5 equivalent/kg and this mixture Is dlssoh^ed at 
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80—1 QO°C in a 1 :1 mixture of ethylglycol acetate/xyiene to give a 50% solution. 34 g of a cresoi 
novolac with a OH content of 8.25 equivalents/kg {molar ratio of cresohformaldehyde during the 
preparation = 1 K).7), which has lieen dissolved at 60— 80°C in 22 g of methyl isobutyl ketone and then 
cooled to room temperature, are then added to the epoxide resin solution which has been cooled to 
5 room temperature. 0.8 g of a mixture of 0.4 g of tin octoate and 0.4 g of dimethylaminopyridine is 
added as a reaction accelerator. 

The viscosity of the lacquer thus obtained is adjusted to about 1 50 mPa s/25''C using methyl 
isobutyl ketone and the lacquer is applied to a steel substrate using a conventional spray gun. The 
thickness of the dry film after stoving the lacquer (20 minutes at 1 30=0 to 20' at 1 0CC) is about 50 
1 0 fan. The characteristics of the film thus obtained are summarised in Table 1 . 

EXAMPLE 2 

(Epoxide resinlpofyphenol lacquer systems} 

76 9 of a bisphenol A glycidyl ether {preparation as described in Example 1 ) whieh is semi-solid at 
room temperature and has an epoxide content of 2.5 equivalents/kg are mixed with 24 g of a bisphenol 

1 &• A glycidyl ether {preparation as described in Example 1 ) which is solid at room temperature and has an 
epoxide content of 0.5 equivalent/kg and this mixture is dissolved in a 1 :1 mixture of ethylglycol 
acetete/xylene to give a 5096 solution. 22 g of a polyphenol, which has been prepared by reaction 3 
mols of phenol with 1 md of acrolein and has a hydroxyl content of 9.35 equivalentsAg and has been 

_ dissolved at 60— 80«C in 1 5 g of methyl isobutyl ketone and then cooled to room temperature, are 

ZO tiien added to the epoxide resin solution, which has been cooled to room temperature. 0.6 g of a : 
mixture of 0.3 g of tin octoate and 0.3 g of dimethylaminopyridine is added as a reaction accelerator. 

The viscosity of the lacquer prepared in this way is adjusted to about 1 50 mPa s/^S'C using 
ifWethyl teobu^HcetcMie and the lacquer is applied to a steel substrate using a conventional^pray 
apparatus. The thickness of the dry film after stoving the lacquer (20 minutes at ISO^C leO'C) is 

25 about 50 ^m. TTie characteristics of the lacquer film are again given in Table 1 . ; 

Data with regard to the test methods (Substrate: sheet steel) 

P = PersDz pendulum hardness; 40—50 jum thick film measured at 20°Gand 65% relative humidity 
(RH); The hardness is^ven in seconds (French Standard: AFNOR NFT 30,01 6). Apparatus: iwpe 300 
from Erichsen (federal Republic of Germany). 
30 E ±= Erichsen deep-drawing according to DIN 53 1 56. measured on 40—60 «m tWcIc films at 20''C and 
65% RH. Quoted in mm. 

I = Impact test, impact on the film; film thickness 40—50 yum. Weight of the test hammer 1 kg; 
diameter of the hemisphere making impact: 2 cm. Test temperature 20OC at 65% RH. 
Rl = Reverse impact test, impact on the substrate (sheet steel); film thickness 40—50 fim: weight of 
35 the test hammer 1 kg; diameter of the hemisphere maldng Impact: 2 cm. Test temperature 20'»C at ; 
65% RH. 

COIN M "l 52) ^ ^^"^ ^5% RH; film thickness 40—50 fim 

Ac = Acetone rubbing test. 20 strokes backwards and forwards with cottonwool moistened with 
40 acetone on the cured film. Film thickness 40—50 fim. Test temperature 20»C at 65% RH. Evaluation A 
matched to DIN 53 230. 

BW = Boiling water test; 6 hours at Se^C on 40—50 «m thick films. Evaluation matched to 
DIN 53 230. 

Cr = Cross-hatch test DIN 53 1 51 using cutting apparatus A. Film thickness 40—50 am. Test 
45 temperature 20'C. 65% RH. ^ 

Ch = Test to determine the stability to chemicals, canied out on films with a film thickness of about 1 00 

im\ (2-layer application); curing 2 x 20' at 1 30»C or 2 x 20' at 1 60''C. Immersion temperature 

2&— 22<'C. The stability is^assessed visually, the following 3 possibilities exist: 

+ = Film is stable to the test medium and is unchanged after completion of the test (1 month). 
50 A = Film has limited stability to the test medium, i.e. is stable only for a short time. Slight damage such 5 

as swelling and softening arises during the 1 -month test. The substrate (sheet steei) is protected. 

0 = Film is destroyed. i.e. protection of the substrate by the paint is no longer ensured; the test medium 

has contact with the substrate. 
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TABLE 1 



Example No. 


1, 


. 2 


Type of resin mixture 


Epoxide resin/ 
cresol novolac 


Epoxide resin/ 
pol^henol 


Curing conditions 


20' 130*C 






20' IBCG 


(P) Persoz'li£irdn6ss 
(seconds) 


390 


380 


395 


365 


(E) Erichsen test (mm) 


7.5 


7.0 


8.5 


8,0 


(1) Impact test (cmkg) 


90 


go- 


90 


90 


(RJ) Reverse impact (cmkg) 


90- 


go 


90 


90 


(M) Mandrel bending test (•(:*) 


180 


180 


180 


180 


(A<4 Acetone nibbing test 


0 


0 


1 


1 


(BW) Boiling water test 


0 


0 


0 


0 


(Ci) Cross-hatd) test 


1 


1 


2 


1 


S&bility to deionised water 








+ 


25%aa»nonia: 


+ 








50%acetic«cid 


+ 


+ 


A 




70% sulfuric acid 




+ 




+ 


iiydrodiloilc acid 






+ 




m nitric acid 




+ 


+- 




mettianoi 


D 


A 


D 


D 


toluene 


D 


+ 


D 


+ 



EXA1VIPI^3T0 20 

Ttie procedure of Example 1 is repeated, except tliat tlie following epowde resins and curing 
agents are used: 

5 Epoxide resin type 1 : Semi solid bispiienol A epo]dde resin witli an epoxide content of 3.6 — 4.0 S 
equivalents/kg. 

Epoxide resin type 2: Solid bispheno! A epoxide resin with an epoxide content of 2.3 — 2.6 
equivalents/kg. 

Epoxide resin type 3: liquid bisphenol F epoxide resin witli a viscosity of 5,000—8,000 mPa ^ 5*'C 
10 and an epoxide content of 5.6 — 6.0 equivalent^/kg. 1 o 

Epoxide resin type 4: Semi-Solid cresol novolac eponde resin witii an epoidde content of 4.8 — 5.2 
equivaient^As- 

Epoxide resin type 5: Liquid bisphenol i^ epoxide resin (Le. completsly hydrogenated bisphenol A 
epoxide resin) with a viscosity of 2,000—3,000 mPa sfZS'C and an epdxide content of 4.2—4.6 
equivalents/kg. ^5 
Epoxide resin t^Je 6: Liquid hydantoin epoxide rean with a viscosity of 1 ,500—2,000 mPa si^5''C and 
an epoxide content of 7 — ^7.5 equivalents/kg. 

Epoxide resin t^Je 7: Uquid digiyddyl tetrahydrophthalate with a viscosity of 400— 700 mPa s/25°C 
and an epoxide content of 6.1 — 6.6 equ1vai«it^. 

Poiypherjol I: (The same as in Example 2) reaction product of 1 mol of acrolein and 3 mols of phenol, 20 
with a hydroxy! content of 9.35 equivalents/kg. 

Polyphenol II: Reaction product of glyoxal and 4 mols of phenol, with a hydroxyl content of 1 0.05 

equivalents/kg. 

Cresol novolac III: (as in Example 1 ) with a hydroxyl content of 8.25 equivalents/kg. 

The viscosity of the lacquers produced is adjusted to about 1 50 mPa s/^S^C by means of meth^ 25 
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isobutyl ketone, u^ng the method described in Example 1, and the lacquers are applied to a steel 
substrate by means of a conventional spray apparatus. The thickness of the dry film after stoving the 
lacquer (20 minutes at laCC— 1 60<'C} is about 50 jum. 

The test values of the resulting film coatings are listed in Table 2. 
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EXAMPLE 21 
Powder-coating method) 

87 parts of a bisphenol A epoxide resin with an epoxide content of 1 J3 equivalents/leg, 12.5 parts 
of a reaction product of 1 mol of acrolein and 3 mols of phenol, 25 parts of TiOx, 25 parts of BaS04 as a 
5 filler, 0.25 part of imidazole and 0.7 part of a levelling agent of the polyvinylbutyrai (Modaflow® 5 
from Monsanto) are mixed together and the mixture Is homogenised in a Ko-kneader (from Buss) at 
temperatures between 30 and 1 00°C and cooled to room temperature. The cooled product is ground 
to a fineness of grain of £ 1 00 /tm and applied in a known manner by means of an electrostatic powder- 
spraying installation ta ffiverse sample metal sheets. After a curing time of 20 minutes at 1 50'>C, 
10 homogeneous, pone-free films with good levelling and Mgh stability to mechanical stress and chemicals 10 
areobtained. 

EXAMPLE 22 

(Use of a powder suspension) 

50 parts of a bisphenol A epoxide resin with an epoxide content of 1 .3 equivalents/kg, 1 1 parts of 

IS a bisphenol F novdac w'lth an epoxide content of 1 20 equWalents/kg, based on the phenolic (W groups, 1 5 
and a melting point of 85 — 90°C. 3 1 parts of TIOx. 0.6 part of imidazole and 0.9 part of iJie levelHng 
agent used in Example 21 are mixed, homogenised and processed to a powder with an average particle 
size of £ 1 00 jum, as in Example 21 . 

35 parts of this powder are suspended in 65 parts of water and ground in a bead mifl to a particle 

20 size of about 1 0 /cm. The suspension thus obtained is applied to sample metal sheets using a 20 
conventional lacquer spray gun and the coatings are stoved for 20 minutes at 1 50°C. Homogeneous, 
pore-freefilms with good levelfingand good chemical and mechanical propertie&fonn. 

EXAMPLES 23 TO 30 

The procedure is as in Example 1 . The following epoxide resins and curing agents are additionally 
25. used: 25 
Epoxide resin type 8: Solid bisphenol A epoxide resin with an epoxide content of 0.5 equivalent/kg; 
corresponds to the solid resin mentioned in Examples 1 and 2. 

Bisphenol f novolac: Condensation product obtained from phenol and formaldehyde and having the 
fbrmUlia 




(semi-solid) 30 



Hydroxyl content: 10.0 equivalentg^g. 

Phenol novolac: Condensation product obtained from phenol and formaldehyde but with a higher 
molecular weight than bisphenol F. The main constituent is trifunctional as in the cresol novolac. Solid 
product with a hydroxy! content of 9.9 equivalents/kg. 
35 Bisphenol A novolac: Condensation product obtained from bisphenol A and formaldehyde (solid). 35 
■ Hydroxyl content 8.25 equivalents/kg. 

The viscosity of the lacquers produced is acQusted to about 1 50 mPa s/25''C by means of methyl 
Isobutyl ketone, using the method described in Example 1 . and the lacquers are applied to a steel 
substrate by means of a conventional spray apparatus. The thickness of the dry film after stoving the 
40 lacquer (20 minutes at 130°C — 1 BO^C) is about 50/im. . 40 

The compositions of the mixtures of Examples 23 to 30 and the curing conditions for these 
mixtures are listed in Table 3. and the test values for the resulting film coatings are Hsted in Table 4. 
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EXAMPLE 31 

(Preparation of the pre-acJduct 0 

290 g of the cresol novolac are dissolved in a suifonatlon flask in 290 g pf medi^ isobutyi ketone 
under gentle reflux. 240 g of a separately prepared 50% solution of epoxide resin type 1 in methyl 
o isobutyl ketone are then added to the clear solution. The mixture is boiled under gentle reflux until the g 
reaction product has an epoxide content of < 0.005 equivalent/kg. 0.596 by weight of imidazole, based 
on the total mixture, is added to accelerate the reaction. The solution has a Aascosity of about'8^000 
mPa s/2B°C and a OH equivalent of 2.4 equivalents^. 

EXAMPLE 32 
10 {Preparation of the pre-adduct II) 

290 g of the cresol novolac are dissolved in a sulfonation flask in 590 g of methyl isobutyl ketone 
under gentle reflux. 300 g of the solid epoxide resin type 8 are then added to the clear solution and the 
mixture is boiled under gentle reflux untile the epoxide content of the solution <0.005 equivalenVkg. 
0.5% by weight of imidazole, based on the total mixture, is added to accelerate the reaction. The 
15 solution has a viscosity of about 2,000 mPa s/25«'C and a OH equivalent of 1 .9 equivalentgflcg. 

TTie mixtures prepared using the pre-adducts I and 11 and the test values of the resulting film 
coatings are listed In Table 5. 

TABLE 5 



ExampleNo. 


31 


32 


Epoxide resin type 1 (g) 


& 


B- 


100 


Epoxide resin type 8 (g) 


40 






Pre<«jduct 1 (5099 (fO 


112 






Pre-a^duct 11 (50%) (c^ 






212 


Imidazole (% by weight) 


0.5 


0.5 


Solvent (g) 


23( 


B 


168 


Viscosity (mPa s) 


110 


110 


Solids content {% by weight) 


3 


5 


4 


3 


Curing for 20 minutes at 


130'C 


16D'C 


130°C 


leo'c 


(P) Persoz hardness (seconds) 


330 


360 


400 


390 


(E) Erichsen test (mm) 


7.5 


5.6 


8.0 


7.6 


(1) Impact test (cmkg) 


90 


90 


90 


90 


(Rl) Reverse impact (cmkg) 


90 


60 


50 


90 


(M) lulandrel bending test {■{') 


180 


180 


180 


180 


(Ac) Acetone rubbing test 


1 


0 


2 


0 


(BW) Boiling water test 


0 


C 


0 


0 


(Cr) Crossmatch 


1 


1 


1 


1 



Table 6 lists the stability to chemicals of the formulations from Table 5 after immersion for 6 
20 months at 20— 22oC. (Curing: 20 minutes at 1 eCC). 20 
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TABLE 6 



Bxample No. 


31 


32 


deionised water 


Stable 


stable 


synthetic seawater 


stable 


stable 


30% sodium liydnoxide solution 






25% ammonia 


5 months 


stable for 
1 month 


50% acetic acid 






70% sulfuric acid 




4 months 


20% Itydroohloric acid 


stable 


stable 


36% hydroctiloric acid 


stable 


stable for 
4 months 


m nitric acid 


stable 


stable 


toluene 


s^ble 


stable for 
2 months 


methanol 


softens 
notstable 


not stable 



CLAIMS 

1 . A curable epoxide resin mixture containing a) one or more epo)dde resins which are based on 
bisphenol A and/or bfsphenol F and have an epowde content of 0.3 to 2.0 equivalentVkg, and/or b) one 

5 or more epoxide resins which are based on bisphenol A and/or bisphenol F and/or phenol novolac or an 5 
alkylphenol novolac and have an epoxide content of 2.0 to 6.0 equivalents/kg and/or c) one or more 
hydrogenated bisphenol A glycidyl ethers and/or hydantoln epoxide resins and^or polyglycidyl esters 
with an epoxide content of 4.0 to 8.0 eqwvalents^g, d) 1 0 to 1 00% by weighty based on the sum of the 
epoxide resins listed under a) to c), of one ormore curing agents of the type comprising polyphenols 
1 0 and/or oligophenols v^ich contain not less than 3 phenolic OH groups and no functional groups of any 1 0 
other type apart from these and e) 0.2 to 3.0% by weight, based on the sum of the epoxide resins listed 
under a) to c), of one or more curing accelerators and, if desired, additionally containing f) conventional 
assistants and additives for lacquers and/or g) organic solvents. 

2. A curable epoidde resin mixture cohtairnng a) one or more epoxide resins which are based on 

1 5 bisphenol A and/or bisphenol F and have an epoxide content of 0.3 to 2.0 equivalents/kg and/or b) one 15 
or more epoxide resins which are based on bisphend A anchor bisphenol F and/br phenol novolac or an 
alkylphenol novolac and have an epoxide content of 2.0 to 6.0 equi valents/^kg and/or c) one or more 
hydrogenated bisphenol A glycidyl ethers and/or hydantoln epoxide resins and/or polyglycidyl esters 
vwth an epoxide content of 4.0 to 8.0 equivalent^g, d) 1 0 to 40% by weight, based on the sum of the 

20 epoxide resins listed under a) to c), of one or more curing agents of the type comprising polyphenols 20 
and/or oligophenols which contain not less than 3 phenolic OH groups and no functional groups of any 
other type apart from these and e) 0.2 to 3.0% by weight, based on the sum of the eposdde retans listed 
under a) to c), of one w more curing accelerators and, if deared, additionally containing f) comfentionai 
assistants and additives for lacquers and/or g) organic solvents. 

25 3. A mixture according to claim 1 or 2, which contains, as the curing agent or agents (d) of the 25 
type comprising polyphenols and/or oligophenols which contain not less than 3 phenolic OH groups and 
no functional groups of any other type apart firom these, a curing agent or agents from the group 
comprising phenol novolacs, cresol novolacs, bisphenol A novolacs, bisphenol F novolacs, reaction 
products of 1 mol of glyoxal with 4 mols of phenol and reaction products of 1 mol of acrolein with 3 

30 mols of phenol. 30 

4. A mbcture according to any of Claims 1 to 3, whidi contain, as the curing accelerator or 
accelerators (e), a curing accelerator or curing accelerators from the group comprising the Sn-organic 
compounds, the imidazole derivatives and the 4-dialkylaminopyridines. 

5. A mfodiUFe according to any preceding daim, whidi contains all or some of one or more of the 

35 epoxide resins listed under a), b) and c) and all or some or one or more of the curing agients listed under 35 
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d) in the form of pre-adduots (reaction products of epoxide resin and curing agent). 

6. A mixture according to claim 1, wrtiich is composed of a) 30 to 50 parts by weiglit of one or 
more epoxide resins which are based on bisphenol A and/or bisphenol F and have an epoxide content of 
0.5 to 2.0 equivalents^, b) 50 to 70 parts by weight of one or more epoxide resins which are based on 
5 bisphenol A and/or bisphenol F and/or phenol novolac or an alkylphenol novolac and have an epoxide 5 
content of 2.0 to 4.0 equlvalents/itg, d) 25 to 35% by weight, based on the sum of the epoxide resins 
listed under a) and b), of cresoi novolac of the appro^dmate formula I 



and e) 0.2 to 1 .0% by weight, based on the sum of the epoxide resins listed urider a) and b), of one or 
1 0 more accelerators from the group comprising imidazole, 4-dimethyIaminopyridlne and tm ootoate and, if i o 
desired, additionally f) 0.5 to 2.0% by weight, based on the epoxide resins and curing agent, of levelling 
agents and g) solvents from the group comprising ethylglycol acetate, methyl isobutyl ketone and 

^ 7. A mixture according to claim 6, which contains merely a semi-solid to solid bisphenol A epoxide 
1 5 resin as the epoxide compound and merely a cresoi novolac of the formula I as the curing agent (d), the 1 5 
ratio being so chosen that there is 1 (+30%) epoxide group per phenolic OH group. 

8. A mixture according to claim 1 , which Is composed of a) 1 0 to 1 00 parts by weight of one or 
more epoxide resins which are based on bisphenol A and/or bisphenol F and have an epoxide content of 
0.3 to 6.0 equivalents/kg, b) 0 to 100 parts by weight of one or more epoxide resans which aria based on 

20 phenol novolac or an alkylphenol novolac and have an epoxide content of 3.0 to 6.0 equiwatents/kg, c) O 20 
to 1 00 parts by weight of one or more hydantoin epowde reans and/orpol\^lye1d\i e^eis with an 
epoxide content of 4.0 to 8.0 equivalents/kg. d) 1 0 to 1 00% by weight, based on *6 sum of the epoxide 
resins listed under a) to c), of one or more curing agents of the type comprising polyphenols and/or 
otigophenols which contain not less than 3 phenolic OH groups and no functional groups of any other 

25 type apart from these and e) 0.2 to 3.0% by weight, based on the sum of tiie epoxide resins listed under 25 
a) to c), of one or more curing accelerators and. if desired, adcBtlonallyf) conventional assistants and 
additives for lacquers, wherein the said mixture Is In the fonm of a powder, the individual particles being 
homogeneous particles of the total mixture, and does not contain any epoxWe resins listed under a), b) 
and c) which are liquid or any solvents, or contains liquid epoxide resin and/or solvents only in amounts 

30 such that the powder is non-tacky and free-flowing. 30 

9. A mixture according to claim 8. which is composed of a) 10 to 100 parts by weight of one or 
more epoxide resins which are based on bisphenol A and/or bisphenol F and have an epoxide content of 
0.3 to 6.0 equivalents/kg, b) 0 to 1 00 parts by weight of one or more epoxide resins which are based on 
phenol novolac or an alkylphenol novolac and have an epcmide content of 3.0 to 6X> equivalentg/ltg, c) 0 

35 to 1 00 parts by weight of one or more hydantoin epoxide resins and/or polyglyddyl esters with an 35 
epoxide content of 4.0 to 8.0 equivalents/kg. d) 1 0 to 40% by weight, based on the sum of the epoxide 
resins listed under a) to c), of one or more curing agents of die type comprising polyphenols and/or 
oligophenols which contain not less than 3 phenolic OH groups and no functional groups of any other 
type apart from these and e) 0,2 to 3.0% by weight, based on the sum of the epoxide resins listed under 

40 a) to c), of one or more curing accelerators and. if desired, additionally f) conventional as^ants and 40 
additives for lacquers, wherein the said mixture is In the form of a powder, the individual partides being 
homogeneous particles of the total mixture, and does not contain any epoxide resins listed under a), b| 
and 0) which are liquid or any solvents, or contains liquid epoxide resin and/or solvents only in amounts 
such that the powder is non-tacky and free-flowing. 

45 1 0. A mixture according to claim 8, which is composed of a) 1 0 to 1 00 parts by weight of one or 45 

more epoxide resins which are based on bisphenol A and/or bisphenol F and have an epoxide content of 
0.3 to 6.0 equivalents/kg, b) 0 to 1 00 parts by weight of one or more epoxide resins which are based on 
phenol novolac or an alkylphenol novolac and have an epoxide content of 3.0 to 6.0 equhralents/kg, d) 
1 5 to 30% by weight, based on the sum of the epoxide resins fisted under a) and b), of one or more 

50 curing agents of *e type comprising polyphenols and/or oligophenols which contain not less than 3 50 
phenolic OH groups and no functional groups of any other type apart from these and e) 0.2 to 3.0% by 
weight, based on the sum of the epoxide resins listed under a) and b), of one or more curing accelerators 
and, if desired, additionally f) conventional asdstants and additives for lacquers, and wherein the said 
mixture is in powder form, the individual particles being homogeneous partides of the total mixture, and 

55 does not contain any epoxide resins listed under a) and b) w^ich are liquid or any solvents, or contains 55 
liquid epoxide resin and/or solvents only in amounts such that the powder is non-tacky and free-flowing. 
1 1 . A mixture accoiding to any of Claims 8 to 1 0. which Is suspended in water or in an organic 
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solvent which does not dissolve the mixture, or in a mixture thereof, the solids concentration being 1 5 
to 50% by weight, based on the total suspension. 

1 2 The use of a mixture according to Claim 1 , for the production of aad-resistant, aiical.-resistant 
smd ammonla-resistait coatings for metals and other substrates and in particular for steel sheets. 

1 3. A mixture according to Claim 1 , substantially as hereinbefore described with reference to any 
of the foregoing Examples. 



